Three trials using 240 weanling pigs were conducted during winter months to determine the influence of nursery temperature ("comfortable" vs "cold") on the response of weanling pigs to added vitamin C (700 ppm) or E (55 IU/kg) to a corn-soybean meal diet. A "comfortable" temperature schedule (27 C initially with a weekly 2 C drop) was maintained in one nursery, with the temperature schedule in the "cold" nursery about 8 C lower. Plasma concentrations of vitamin C and vitamin E were elevated when the respective vitamins were added to the diet, but were not consistently influenced by nursery temperatures. Daily gain, daily feed intake and feed efficiency were not improved with the added C or E. Daily feed intake was increased and feed-to-gain ratios were larger for pigs housed in the "cold" nursery compared with pigs housed in the "comfortable" nursery; however, daily gains were similar in the two environments. Pigs housed in the "cold" nursery were slightly stressed, as indicated by heavier adrenal glands, but the antibody response and serum glucocorticoid concentrations were not significantly affected by either diet or temperature.
Introduction
Vitamin C has a number of physiological roles, but paramount is its role in the normal functioning of the adrenal gland and its production of steroids, which are important under conditions of stress (Tillotson, 1980) . Normally, the vitamin C requirement of the pig is met by tissue synthesis (NRC, 1979) , but under stressful situations, supplemental vitamin C may be beneficial. With the exception of a positive response reported by Yen and Pond (1981) , recent reports with weanling pigs housed under "good" environmental conditions failed to show an overall improvement in growth rate and feed efficiency (Mahan and Saif, 1983;  1Appreciation is expressed to Gene Ball and Duke Reynolds for caring for pigs; to Helen Bartlett, Bill Huckle and Robert Moore for laboratory support and data analysis; to Drs. H. P. Veit and H. F. Troutt for necropsies of pigs; to Cindy Hixon for typing manuscript; and to Agricultural Processing Co., Salem, VA and Hoffman-La Roche, Inc., Nutley, NJ for ingredients.
a Dept. of Anita. Sci. 3 Virginia-Maryland Regional College of Vet. Med. 4 Dept. of Dairy Sci. Received October 21, 1985 . Accepted February 12, 1986 . Nakano ct al., 1983 Pond, 1983, 1984; Chiang et al., 1985) when vitamin C was added to the diet. Housing system (Mahan and Saif, 1983) , crowding (Brown and Partridge, 1971; Yen and Pond, 1983) , carbadox (Mahan and Saif, 1983; Yen and Pond, 1984) and copper (Mahan and Saif, 1983) have been reported to have no interactive effect with supplemental vitamin C.
Vitamin E plays a major role in the body as an antioxidant (Tappel, 1962) and levels in excess of the National Research Council requirement estimates of pigs and poultry have been reported to increase humoral immune response (Nockels, 1983) . In contrast to vitamin C, vitamin E is not synthesized by the tissues and must he present in natural ingredients or added as a dietary supplement.
Pigs housed in nurseries with an ambient temperature of 18 to 21 C compared with 24 to 27 C were stressed, as evidenced by lower daily gains, poorer feed efficiencies, more shivering and more health problems (Fecnstra, 1980) . Under conditions of mild to modest stress, which could occur in modern swine nurseries operated to minimize energy inputs, added vitamins C and E may be beneficial. The objective of this study was to evaluate the effect of added vitamins C and E on the performance 484 J. Anita. Sci. 1986.63:484-491 and immune response of weanling pigs housed in a "comfortable" or "cold" nursery.
Experimental Procedures
Three 5-or 6-wk trials were conducted during the winter months (November through February) using 240 crossbred pigs (96 in trial 1, 72 each in trials 2 and 3) with an average weaning weight of 7.5 kg (3 to 4 wk of age). A 2 • 3 factorial arrangement of treatments was used, with pigs randomly allocated from outcome groups based on sex, weight and ancestry to nursery ("comfortable" vs "cold") and diet (control, 700 ppm vitamin C added or 55 IU/ kg vitamin E added). Pigs were weaned and placed on test the same day. Pigs were housed (four/pen in trial 1 and three/pen in trials 2 and 3) in 91.4-x 121.9-cm cages with plasticcoated, welded wire floors. A temperature schedule of 27 C initially with a weekly 2 C drop was maintained in the "comfortable" nursery, whereas the temperature schedule in the "cold" nursery was about 8 C lower. Temperatures at various locations in each nursery were recorded every hour using thermocouples and a temperature recorder. A summary of the inlet and average nursery temperature is shown in figure 1 .
A 20% crude protein corn-soybean mealdried whey diet was used with the appropriate levels of supplementary vitamin C and vitamin E until average weight of pigs in a pen reached 11.4 kg, when the dried whey was removed from the diet and the crude protein level was reduced to 18% (table 1). Body weight and feed consumption were determined weekly and feedto-gain ratio was calculated.
In trial 1, a blood sample was taken from the anterior vena cava on d 12 for determination of serum vitamin C and vitamin E. The assay for vitamin C utilized the 2,4-dinitrophenylhydrazine method reported by the U.S. Interdepartmental Committee on Nutrition for National Defense (1963) ; the vitamin E assay was a modification of the method of Storer (1974) in which plasma was extracted with ethanol and cyclohexane, but the absorbance was measured by ultra-violet light at 294 nm rather than using a fluorometric technique. The lower limit of plasma vitamin E detectability with this method was .1 ppm. This blood sampling procedure was repeated on d 24, with the final blood sample drawn on d 34. A randomly selected pig from each pen was necropsied on d 35, and adrenal #ands were removed, freed from extraneous tissue and their fresh weight obtained. In trial 2, the initial blood sample was taken and the first antigen injection (combination of killed Brucella organisms and sheep red blood cells--SRBC) was given on d 8. The second blood sampling and antigen injection occurred on d 34, with the final blood sample taken on d 43 ; necropsy was on d 44. In trial 3, the initial blood sampling was taken and the first antigen injection (combination of lysozyme and SRBC) was given 4 d before weaning. The
TRIAL THREE -1o. Antibody titers were determined by tube agglutination for the Brucella antigen and by hemagglutination in microplates for the SRBC. Immunoglobulin (IgG) antibodies for lysozyme were determined by ELISA methods. Each sample was heated to 56 C for 30 min before testing to destroy the complement. Titers were expressed as dilution units (Schurig et al., 1978) . Corticoid concentrations were determined on serum (Kattesh et al., 1980) taken 1 d before slaughter and immediately after slaughter in trials 1 and 2, and at d 25, 30 and 35 in trial 3.
Analysis of variance procedures were used to analyze the data and orthogonal contrasts were used to compare treatment means (SAS, 1982) . The model included diet, nursery temperature, diet x temperature and trial when appropriate. fContained 44 g chlortetracycline, 44 g sulfamethazine and 22 g penicillin per kg of premix.
Pen means were used as the experimental unit for performance variables, with individual values used for plasma C and E, antibody titers and corticoid concentrations.
Results
Plasma vitamin C concentrations were higher (P<.01) for pigs fed the diet with supplemental vitamin C (table 2). At period 1 (sampled only in trials 1 and 2), the diet • temperature interaction was significant and the increased plasma vitamin C concentrations for pigs fed the diet supplemented with vitamin C was larger for pigs housed in the "comfortable" nursery compared with pigs housed in the "cold" nursery. This interactive effect, however, was not observed at the other periods. At periods 1 and 3, pigs housed in the "cold" nursery had lower plasma vitamin C concentrations than pigs housed in the "comfortable" nursery.
Plasma vitamin E concentrations were elevated at all blood sampling periods for pigs fed the diet with supplemental vitamin E (table  2) . At period 2, plasma vitamin E concentration was lower (P<.05) for pigs fed the control diet than for pigs fed the vitamin C diet; however, this effect was not observed at periods 1 or 3. At period 3, vitamin E concentrations tended (P<.10) to be higher for pigs housed in the "cold" nursery compared with those in the "comfortable" nursery. The antibody response to the Brucella organism and SRBC in trial 2 and lysozyme and SRBC in trial 3 was not affected by dietary supplementation with vitamins C or E or by nursery temperature (table 2) .
There was no overall effect of supplemental vitamin C and vitamin E on daily gain, daily feed intake and feed-to-gain ratio (table 3) . During the fifth week, pigs fed vitamin Csupplemented diets had a slower growth rate and elevated feed-to-gain ratio.
During the third, fourth and fifth week and overall, daily feed intake was greater for pigs housed in the "cold" nursery compared with the "comfortable" nursery. During the first week daily gains were lower for pigs housed in the "cold" compared with the "comfortable" nurseries; however, the opposite effect was observed during the third week. There was no overall effect of nursery temperature on daily gain. Feed-to-gain ratios were larger during wk 1 and 5 and overall for pigs housed in the hvitamin E greater than others (P<.01).
iVitamin E greater than others (P<.01) and vitamin C greater than control (P<.05).
JEach positive serial dilution was assigned a value of I and the sum for each pig was used for the analysis. kSRBC = sheep red blood cells.
"cold" nursery than for pigs housed in the "comfortable" nursery. Maintaining a differential in temperature for the two nurseries was dependent upon the outside temperature being several degrees lower than the desired temperature in the "cold" nursery. There was some variation in the outside temperature during each trial (figure 1).
In trials 1 and 2, pre-and post-slaughter serum glucocorticoids were not influenced by dietary or housing temperature treatments, but corticoids were increased about two-fold after slaughter (table 4) . In trial 3, glucocorticoid levels at d 25, 30 and 35 were not influenced by supplemental vitamin C or vitamin E. Pigs housed in the "cold" nursery had a lower glu- bTwenty-four pens per diet mean (four pigs per pen in trial 1 and three pigs per pen in trials 2 and 3) and 36 pens per temperature mean.
Cln trial 2, wk 1 and 2 were combined and called wk 1; and the other weeks were redefined so that all traits could be combined. dTemperature effect (P<.05).
evitamin C differs from control and vitamin E (P<.05).
fTemperature effect (P<.01).
gcontrol differs from vitamin C (P<.05).
cocorticoid level at d 30 than pigs housed in the "comfortable" nursery; there was no difference at d 25 or 35.
The adrenal glands were heavier from pigs housed in the "cold" nursery, with the difference much greater in trial 2 (table 4). Pigs fed supplemental vitamin C or vitamin E had heavier adrenal glands than did the control pigs in trial 1 ; however, there was no effect of diet in trial 2.
Discussion
These results showed that pigs housed in a "cold" or "comfortable" nursery were unresponsive in terms of performance or immune response to both supplemental vitamins C and E. Although plasma vitamin C levels were elevated when vitamin C (700 ppm) was added to the diet, the overall growth rate and feed efficiency were not improved, which agrees with other recent reports (Mahan and Saif, 1983-350, 450 and 900 ppm; Nakano et al., 1983-350 and 700 ppm; Yen and Pond, 1983-660 ppm; Yen and Pond, 1984-660 ppm) . However, Yen and Pond (1981) reported an improvement in daily feed intake and growth rate when weanling pigs were fed 330, 660 or 990 ppm supplemental vitamin C. Chiang et al. (1985) observed an improvement in daily gain CTemperature effect (P<.10).
dTemperature effect (P<.05).
eTemperature effect (P<.01).
during the first week of one trial, but not in a second trial when vitamin C was supplemented (0 vs 150, 300, 450 ppm). There were no effects of vitamin C supplementation for the overall daily gain, daily feed intake or feed efficiency in any of the trials. Humoral immune response and corticoid levels were not influenced with added vitamin C, and there was no consistent influence of vitamin C supplementation on weight of adrenal glands.
Plasma vitamin E levels were elevated, but growth rate and feed efficiency were not improved when 55 IU/kg of vitamin E were added to the diet. Plasma corticoids and adrenal weight were not affected by added vitamin E. In contrast to reports by Ellis and Vorhies (1976) and Peplowski et al. (1981) , vitamin E supplementation did not improve the immune response. Although the vitamin E level added in the present study was fivefold higher than recommended by NRC (1979) , Ellis and Vorhies (1976) and Peplowski et al. (1981) fed much higher levels (10-fold and 27-fold higher than NRC, respectively), which may account for differences between their results and ours.
The critical temperature during the first week for pigs weaned at 3 to 4 wk of age and housed in modern intensive nurseries has been reported to be 27 to 28 C (Le Dividich, 1981; Orr et al., 1978) . However, for pigs weaned at 4 wk of age, Feenstra (1980) reported that performance was similar for pigs started at 24 or 27 C, and while 21 C did not affect growth rate, it caused more shivering among pigs at the beginning of the trial periods and resulted in poorer feed-to-gain ratios. Pigs started at 18 C had lower gain, higher feed-to-gain ratios and more health problems. Brumm et al. (1985) reported that daily gain was higher (P<.01) for weanling pigs (23 -+ 2 d of age initially) housed in a nursery where temperature from 1900 to 0700 was lowered from 30 C to 25 C for three nights, followed by 20 C for four nights during the first week and then lowered 1 C/wk thereafter, compared with pigs housed in a nursery where a constant 30 C was maintained during the first wk and was lowered 2 C/wk thereafter. The improvement in daily gain was accompanied by an increase (P<.005) in feed intake with no change in feed conversion. In the present study, the pigs housed in the cold nursery (18 C initially) did not have an overall lower daily gain, but daily feed intake and feed-to-gain ratios were higher than those of pigs housed in the "comfortable" nursery (27 C initially). Pigs housed in the "cold" nursery evidenced cold stress during the first 2 wk of the study; haircoats were longer and rougher and more huddling was evident. However, during the third and fourth week, there was evidence of some compensation in growth rate, which agreed with Feenstra
(1980).
The humoral immune response in the present study was similar for pigs housed in either the "cold" or "comfortable" nursery. In contrast, Kelley (1982) has shown that cold exposure (0 C for 4 d) of 5-wk-old pigs had a direct stimulatory effect on the capability of the pigs to synthesize antibodies. Henken (1982) reported that temperatures moderately above and below the critical temperature (25 -+ 10 C) enhanced the immune response of young chickens, but low temperatures tended to depress the immune response.
The present results indicate that the addition of vitamin C or E to the diets used in this study did not improve performance or humoral immunity of pigs housed in a "comfortable" or "cold" nursery. Also, the mild cold stress at the initial 19 C ambient temperature in a welldesigned, draft-free nursery did not significantly affect pig performance.
